Background: Tuberculosis (TB) has increased within the UK and, in response, targets for TB control have been set and interventions recommended. The question was whether these had been implemented and, if so, had they been effective in reducing TB cases.
Background
The process of improving services requires planning, followed by identification and supply of the required resources, implementation and then monitoring and evaluation [1] . At the national level, surveys of tuberculosis (TB) in England and Wales have occurred every five years from 1978 to 1998 [2, 3] , and thereafter by annual reports from the Health Protection Agency (HPA) [4] . From these data, a plan to improve TB control was published in 2004 [5] . The 2010 HPA report reviewed progress against the plan. Improvements in generic processes included the use of web-based enhanced surveillance data collection, guidelines on treatment and management of tuberculosis [6] , agreement on service provision [7] , availability of information in different languages from the Department of Health publications and charities, improvements in prison health services and standards for mycobacterial reference laboratories [8] , including DNA fingerprinting of all UK strains from April 2010. Guidance on the management of complex cases and clarification of the role of mass x-ray screening is currently being undertaken.
The aim of this study was to examine how the national plan has been translated into a control program for the larger cities within the United Kingdom (UK). In London, Birmingham and Manchester several TB services and hospitals combine to execute TB control. In other cities, a single TB service is responsible for delivering the TB control plan. However, in each city, a combination of public health specialists, physicians, TB nurses and local authorities are required to act jointly to enable effective TB control. This paper compares cities with a continuing increase in numbers of TB cases to those where numbers are stable or falling in order to identify gaps in services. The time course of TB control requires data over a period of at least 10 years as both early disease and late reactivation may occur following infection [9] . A subsidiary aim was to identify reasons which could account for differences in the change in TB notifications in these large cities.
Methods

Cities
The 10 most populous urban areas in the United Kingdom are described with data from the 2001 census. The areas, as defined by their primary care trust (PCT) and associated with an individual TB service, with an average of~100 cases per year were then identified and those which were in the most populous cities were invited to take part in the survey.
Data
Notification of tuberculosis is a legal requirement in the UK. Data from the national enhanced TB surveillance (ETS) are collated by the HPA and reports prepared annually http://www.hpa.org.uk. Collective data without personal indicators (anonymized) from individual clinics are available as part of the hospital's activity analysis and for planning purposes by the commissioners of health services; this manuscript would count as a response to a request under the Freedom of Information Act for data regarding TB services in individual clinics. Each clinic was asked to provide the number of TB notifications and number of sputum smear-positive cases over a period of at least 10 years, ethnicity of population, HIV co-infection (where available), strain typing data and treatment outcome. Data of sufficient duration to identify the inflexion point at which the expected exponential decline in TB incidence was reversed and/or where the increase in TB cases began to decline were requested. Each physician was asked to interpret the trends, including any additional factors they thought were important locally.
Rates were obtained using available population figures (ETS). At the operational level, a TB team has to manage the identified patients and estimate future requirements for their service from their characteristics. Hence, the workload for a TB team has been defined by the number of patients diagnosed and treated for TB. In the UK, the TB nurse has two main responsibilities -contact tracing and supervision of treatment. Contact tracing is usually performed in outpatients to ensure access to chest x-rays, blood tests and tuberculin skin testing and proximity to a doctor, who can diagnose active or latent TB and initiate appropriate treatment. Each TB patient should have a key worker, usually a TB nurse, responsible for ensuring adherence to treatment. This may include home visits, monitoring or providing directly observed therapy at whatever location is feasible. The doctor or the TB nurse is responsible for the notification of a case of TB to public health and this may be performed by an administrator. Public health coordinates contact tracing in non-household contacts, such as at work or in a school outbreak. Screening high risk groups, such as immigrants, and outreach work may also be part of the TB nurse's role, but is a lower priority. The TB team may also include outreach or community health workers with responsibility for particular cultural groups, especially those whose first language is not English, or "hard to reach" individuals such as the homeless and those with an alcohol or drug problem. In these circumstances, the outreach or community health worker may then be the key worker or accountable case manager. These functions have been included as items from the TB Action Plan and information regarding these was obtained from each TB service.
Analysis
Data were plotted against time. In order to determine the annual percentage changes, a trend line was calculated in Powerpoint using an exponential gradient on the grounds that changes in an infectious disease should be geometric rather than linear when the reproduction rate is > 1 (reproduction rates for TB have been estimated at 5.16 ± 2.82 [9] ). A chi-squared test was used to compare achievement of adequate TB nursing with loss to follow-up. Spearman's rank correlation was used to assess whether any individual variable could relate to the trend in TB numbers, smear-positive cases or TB cases with white ethnicity.
Results
UK cities and tuberculosis
Major conurbations were identified from the 2001 census ( Table 1) .
The lead TB physician for the city or a representative for London and Birmingham were approached and, where numbers of cases were~100 per year, asked to provide more detailed data. Within London, 17 and, outside London, 9 Primary Care Trusts (PCTs) fulfilled the criteria. Coventry fulfilled the criteria and had a microbiologist interested in TB, but the single-handed respiratory physician had interests other than TB and there was no infectious diseases service on their website. The physician for Sheffield had data suggesting their clinic fulfilled the selection criteria, but these differed to those from ETS; data from both sources is therefore represented (Table 2) .
Obtaining data across a city was more difficult than expected. The time between a request for data and their receipt for this manuscript from the physician ranged from almost immediate to 22 months. In Glasgow, alteration in boundaries in 2006 had affected the ability to obtain data for a consistent area.
Physicians provided long term data and in five the duration was sufficient to see when the numbers of TB cases reversed its downward trend (Figure 1 ). Numbers were steady for Glasgow from 1990, biphasic in Leicester from 2000 and showed an exponential increase in Birmingham from 1990 (data not shown). The rate of change over the decade, the year when the trend reversed and the rate from that point of inflexion were calculated for primary care trusts and their corresponding TB control team in England (Table 3) .
Data for Greater Glasgow were not available due to changes in boundaries. The rate of change in TB numbers since the point of inflexion was highest for Manchester, Leeds and Sheffield, but lowest for Leicester and the ranking did not change substantially by using the 10 year average for the clinic. PCT data for TB numbers showed a similar trend for the highest three cities, although suggested an increase in cases for Leicester. However, the 10 year rate of change in incidence per 100, 000 was greater in the clinic than in the general population for Leeds, Manchester and Sheffield, very similar for London, Birmingham and Leicester and much lower in the clinic compared to general population in Bradford. Looking at the white ethnic group, Bradford recorded an increase of 8.6% per year, Sheffield an increase of 3.5% until 2008, whilst all the other cities showed a decline, with London showing the greatest rate of decline of 3.3% per year (Figure 2 ).
Smear-positive pulmonary TB is the main source of infection. Figures available to public health (HPA) often did not contain sputum smear status, probably because data entry to the electronic registers occurred mostly at diagnosis (Table 4) .
However, access to these figures was available to participating clinicians and showed that the numbers of this form of TB have been stable except for an increase in Bradford over the last 5 years and Sheffield with a smaller increase over the last decade ( Figure 3 ).
Identifying needs
There were gaps in data collection. Sputum smear status would not have been generally well documented in data accessible by the commissioning teams (PCTs), as noted above. In order to address different language groups and cultures with a higher risk of TB, country of origin was found to be more helpful than ethnicity for strategic planning. The general use of the term "Black-African" was especially unhelpful in distinguishing groups such as Somalis from those arriving from other areas of conflict such as the Congo and wealthier West Africans. For instance, in Sheffield, which has one of the oldest and largest established Somali communities in the UK, 25% of all TB between 1999 and 2005 occurred in Adherence to national guidelines is one way to identify the need for resources. Items from the national TB plan relevant to clinical services were reviewed (Table 5 ).
All clinics provided TB drugs free of charge and had a named key worker for each person with TB. The majority had a link with HIV physicians, such that patients with HIV co-infection had some form of joint management. All clinics noted that TB education was guaranteed in their local medical schools but postgraduate education of general practitioners was patchy.
All areas outside London have had access to strain typing for a number of years for selected clusters: Sheffield reported the highest proportion of clusters, followed by Birmingham (data not shown). Most strain typing had been performed as dictated by clinical circumstances (drug-resistance or suspicion of enhanced transmission). Routine strain typing has only recently been introduced across the UK.
Supply of resources
TB networks had been established in all areas by 2009 and included public health in all except Bradford. Until 2011, resources were controlled by the PCTs and services commissioned on the basis of data known to them. There was a correlation between the trend in TB numbers available to PCTs and the number of items successfully completed in the audit (Spearman's rank correlation R 2 = 0.64, P < 0.05), whereas correlations with actual trends within the clinic or since the point of inflexion showed less if any correlation. Manchester was significantly under-resourced compared to other cities (Table 5 ) and showed the greatest rate of increase in clinic numbers (Figure 1 ; Table 3 ). There was no consistency in the allocation of time for TB to physicians in their job plans (Table 5) .
Four cities (Birmingham, Bradford, Manchester and Sheffield) had not attained the target of 1 nurse per 40 notifications. Clinics with fewer nurses were less likely to use World TB Day as a means of promoting TB awareness or engage in outreach activities. Those cities which had not attained a target were more likely to have > 6% lost to follow-up (χ 2 = 4.2, P < 0.05, with Yates' correction; Table 6 ). Implementation Each clinic had a named key worker, usually the TB nurse, for each patient and was able to supply treatment free of charge. Negative pressure rooms were available to every clinic, but located at a different hospital in Manchester. By 2009, all patients with TB and HIV coinfection had formal relationships with HIV physicians for review of their management. Screening programmes contributed significantly to the identification of TB (range 2-25% of all TB diagnoses, Table 5 ). All areas identified contacts of cases of TB. All cities had a new entrant screening programme, but in Sheffield this was limited to asylum seekers. In Leicester since 2004, county-wide reporting of patients with x-ray abnormalities has flagged up 300 suspicious cases per year, 35-40% of whom proved to have active TB.
Monitoring and evaluation
There was a significant variation in the availability of directly observed therapy (DOT). This reflected the number of TB nurses and also the local populations. Complex cases i.e. homeless, prisoners and those with alcohol, opiate or cocaine addiction were more common in some areas and increased the proportion receiving DOT, especially in London. Outcome reporting has improved significantly over the decade and is almost universal for London and Sandwell (Table 6) . Completion rates were < 85% in all areas except Leicester. As noted before, inadequate nurse numbers were associated with a higher rate of loss to follow-up during treatment.
Cities and localities with decreasing TB notifications put forward a range of possible reasons for their improving numbers. Adequate TB nursing numbers, improved treatment completion rates, a good multidisciplinary TB team, improvements in screening for latent TB and re-organisation of TB services across professional/organisational boundaries. Early referral from radiology, sputum samples from primary care and outreach workers to improve case-holding were also cited as important activities in TB control. A decrease in smear-positive cases has been proposed as a measure of the effectiveness of a TB service on the grounds that early diagnosis should result in fewer with advanced disease. There was no correlation between the change in smear-positive TB numbers and any index of the TB services. There was an inverse association between the change in rate per 100, 000 and the proportion of sputum smear-positive cases except in Leicester, which was a clear outlier (Spearman's rank correlation without Leicester, R 2 = 0.69, P < 0.01). A reduction in the white population with TB is thought to indicate effectiveness of TB control, but surprisingly there was a inverse relationship such that clinics with the greatest reduction in TB cases showed higher numbers in the white population (R 2 = 0.62, P < 0.05).
Discussion
Efforts to implement the national TB control programme have been started. Data discrepancies between the clinics and enhanced surveillance need to be addressed, especially the recording of sputum smear status. However, the main obstacle to achieving many of the clinical aims has been the lack of sufficient TB nurses. Commissioners require a projected number of TB cases, calculated from the 10 year rate of change, to ensure adequate resourcing.
Data collection
Numbers of TB cases continue to increase in the UK, and most TB occurs in large cities (Kruijshaar et al, submitted). This study confirms that this increase varies across the larger cities in the UK. The lack of significant numbers of TB in cities such as Newcastle, Liverpool, Nottingham and Edinburgh may be due to immigration following patterns established by pre-existing communities. Discrepancies between data on enhanced national TB surveillance systems and that held by the clinic and delays in obtaining data would recommend a closer liaison between clinical and public health services within the now established TB networks.
There are gaps in data monitoring. Sputum smear status is one of the most useful indicators of ongoing TB transmission. Mycobnet, the e-data source for the National Mycobacterial Reference Laboratories, collects data on culture and sensitivities of isolated strains of Mycobacterium tuberculosis but not on smear status. HIV testing for all those with TB has been recommended since 2000, but only the offer and not the result is recorded on the electronic databases and that only recently. However, in a larger data set, London contributed 57% of HIV co-infection predominantly in subSaharan Africans, born abroad and in their 30s [10] . Perhaps more importantly, testing for latent or active TB in patients with HIV infection is not yet employed, although a recent proposal for such testing has been made [10] . Outcome reporting has significantly improved compared to previous surveys [4] . Integration within the wider health services is especially important and, notably, the contribution of direct referral from radiology made a significant impact in Leicester, Birmingham and some London clinics. The discrepancy between changes in incidence per 100, 000 and clinic TB numbers requires explanation. In most cities the higher increase in clinic numbers would be consistent with either improved case-finding or an underestimate of the population. The explanation for Bradford, where there has been an increase in incidence with almost stable numbers of TB cases requires that either the population is decreasing or patients are being treated outside the TB service, such as in primary care.
Strain-typing
Increasing incidence could also be ascribed to the impact of micro-epidemics. From 1995-7 in London, clusters of cases accounted for 14.4% of culture-positive TB and were small (2-12 cases) [11] . An outbreak of isoniazid-resistant TB [12] , the second largest in Europe and now numbering > 400 cases over a 15 year period with an identical strain [13] , has highlighted the difficulty of containing TB in "hard-to-reach" groups [14] . However, typing and reporting to physicians occurred too late to make an impact on the outbreak, which followed its expected course [13, 15, 16] . Universal strain typing would have been especially useful in Manchester to determine whether the increase in infectious cases was due to recent transmission rather than reactivation or recent arrival in the UK. In Leicester, strain typing would have helped assess whether the increase in TB in the white ethnicity was due to infection with imported or local strains.
Resources
Commissioning through primary care trusts (PCTs) has shown a good correlation between the figures relevant to their population and their resourcing of the local clinics. However, there was no significant correlation between fulfilment of targets in the national plan and the actual workload of the clinic. This discrepancy emphasises the need for the TB networks to be effective in sharing data and responding strategically across a city. Most cities reported that they had 1 nurse per 40 notifications, but four cities (Birmingham, Bradford, Manchester and Sheffield) with a previous or currently limited nursing service had seen increases in TB notifications (Table 5) . Areas with fewer nurses showed the greatest increase in smear-positive cases (Figure 2 ). The provision of directly observed therapy (DOT) was patchy and loss to follow-up was significantly greater in those areas with fewer nurses. When limited, nursing time will focus on contact tracing. There will be less opportunity for DOT, assistance with complex needs, educational outreach and screening new entrants. Although the Cochrane reviews have not found good evidence to support DOT [6] , the constant contact between TB nurses provides not just reassurance that patients are taking medication, but also social and health care support, especially for those with complex needs and associated morbidities. These are the first data to confirm that the target of 1 nurse per 40 notifications does have a significant effect on TB control. Multi-drug resistance (MDR) has a significant effect on resource allocation, but costs are largely in terms of inpatient stay and drugs with smaller increases in costs for DOT due to the duration of treatment. However, in the UK, costs for MDRTB should be allocated through a national scheme of specialist commissioning in order not to detract from standard TB services, although this is not the case in Manchester and Leeds.
International comparisons
Four aspects of a TB control programme in large cities were identified in Barcelona [17] . Epidemiological surveillance across a city has been an important first step, along with assessment of outcome of treatment. Contact tracing is an essential part of the TB control programme in the UK, but is currently not well documented. Plans to have an electronic record of contact tracing linked with strain typing are currently ongoing. Social support is readily accessible for residents in the UK, but only certain areas have been able to negotiate support for illegal immigrants on the grounds that active TB in this group represents a risk to the nation's public health. In assessing the TB health programme in UK cities against international standards set by the World Health Organization [18] , service delivery and workforce in terms of access and coverage of TB patients have been highlighted as problems leading to a reduced responsiveness to the increase in tuberculosis. Similar problems were noted in outbreaks amongst the homeless of Paris [19] . Variations in TB control programmes have been noted in Western European cities, with regard to new entrant screening, use of DOT and outcome recording, although no link was made with available resources [20] . In their most recent annual report [21] , New York City statistics have shown a steep decline in TB cases since 1992 due to investment and implementation of policies to improve case-finding, case-holding, a legal framework to ensure adherence and collaboration with social organizations offering support. Notification of TB suspects and targets set for the number of contacts to be examined per index have not been commonly adopted in Western European cities compared to other aspects of their integrated TB control programme. Adequate provision of resources in New York City, in excess of $1 billion, has been the most notable difference compared to most large cities [22] .
Limitations
London is a complex set of communities and the number of PCTs with > 100 cases per annum exceeds that for the rest of the UK; further detailed analysis is recommended.
Conclusions
Local epidemiology is important and requires sufficient clinical detail to inform TB control strategies. A ratio of 40 notifications or less per TB nurse must be implemented nationally (the current TB control documents do not specify this target [5, 6] . Only then can realistic improvements in case detection and case-holding be effective. 
